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Abstract
0$1(7VLVUHFRQILJXUDEOHLQIUDVWUXFWXUHOHVVV\VWHPRIPRELOHQRGHVMRLQHGWKURXJKUHPRWHFRQQHFWLRQV(YHU\QRGHFDQVHQG
DQG JHW PXOWLPHGLD LQIRUPDWLRQ \HW LW RXJKW WR DGGLWLRQDOO\ IRUZDUG WKH PXOWLPHGLD WUDIILF PRYHPHQW UDQGRP WR LWV RZQ
SDUWLFXODUXWLOL]DWLRQ$OOLWQHHGLVWRNHHSXSWKHLUVHOIVXIILFLHQF\DQGVXFFHVVIXOO\VDIHJXDUGWKHLUDVVHWVHJ%DWWHU\SRZHU
7KLVSDSHUH[DPLQHVWKH5HJLRQEDVHG5RXWLQJZLWK3DUDOOHO&ROOLVLRQ*XLGHG%URDGFDVWLQJ3URWRFRO553&*%3XVHVSDUDOOHO
DQGFLUFXODWHGEURDGFDVWLQJPHWKRG WRGLPLQLVK UHSHWLWLYHEURDGFDVWLQJDQG WRTXLFNHQ WKHSDWKUHYHODWLRQPHWKRGRORJ\ZKLOH
NHHSLQJXSDKLJKDFKLHYLQJFDSDFLW\SURSRUWLRQDQGLQDGGLWLRQNHHSLQJQRGHHQHUJ\XWLOL]DWLRQORZ553&*%3XWLOL]HVDRQH
KRSFOXVWHULQJDOJRULWKPFDOFXODWLRQWKDWGLYLGHVWKHQHWZRUNLQWRUHJLRQVKHDGHGE\GHSHQGDEOHSLRQHHUVWKDWDUHIRUWKHPRVW
SDUW VWDWLF DQG KDYH FRSLRXV EDWWHU\ DVVHWV 7KH H[HFXWLRQ TXDOLWLHV RI WKH5&*FRQYHQWLRQ DUHPDGH WKURXJK VLPXODWLRQV E\
FRQWUDVWLQJ LW ZLWK RWKHU ZHOO NQRZQ URXWLQJ FRQYHQWLRQV LQ SDUWLFXODU ZLWK $2'9 DQG '65 ,W GHYHORSV WKDW 553&*%3
SHUIRUPVZHOOXQGHUQXPHURXVFLUFXPVWDQFHV


7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
.H\ZRUGV0RELOH$G+RF1HWZRUNV0$1(7$2'9'65553&*%3.
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1.  Introduction 

5RXWLQJSURWRFROIRUD0$1(7FDQEHVRUWHGLQWRWKUHHW\SHVUHDFWLYHSURDFWLYHDQGK\EULG6RPHQRGHVKDYH
QRSULRULQIRUPDWLRQDERXWWKHORFDWLRQRIWKHURXWHVLHIORRGLQJLQWKHUHDFWLYHURXWLQJ7KHGRZQVLGHVRIUHDFWLYH
URXWLQJDUHWKHKLJKFRVWWRPDNHURXWHVDQGWKHOLIHOHVVQHVVRIGLVFRYHULQJDURXWHWRWKHWHUPLQDOQRGH>@>@,Q
SURDFWLYHURXWLQJHYHU\QRGHLQWKHQHWZRUNFKHFNVDQGSHUIRUPVWKHZD\WRHDFKQRGHLQWKHQHWZRUNWREXLOGD
FRPSOHWHYLHZRI WKHQHWZRUNDVLQ WKHFDVHRI'HVWLQDWLRQ6HTXHQFHG'LVWDQFH9HFWRU'6'9URXWLQJSURWRFRO
+HQFH WKH ODWHQF\RI WKHURXWLQJSURWRFRO LV ORZ7KHFRVW LQDSURDFWLYHURXWLQJSURFHVV LV WKHKLJKFKDQQHO WKDW
UHGXFHVWKHRYHUKHDGVIRUURXWHUHGHVLJQFRQWUROPHVVDJHVDQGWKHWLPHIRUMRLQLQJWKHQHWZRUNURXWHLQIRUPDWLRQ
&RQVHTXHQWO\ D KLJK FDOLEHU 5HJLRQ EDVHG 5RXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ *XLGHG %URDGFDVWLQJ 3URWRFRO
553&*%3 IRU UHFRQILJXUDEOH ZLUHOHVV 0RELOH $G +RF 1HWZRUNV 0$1(7 LV GHVLJQHG WKDW HQGHDYRUV WKH
TXDOLWLHVDQGPLQLPL]HVWKHHIILFLHQF\RIUHDFWLYHDQGSURDFWLYHURXWLQJ

,Q 0$1(7V D SOHQW\ RI URXWLQJ SURWRFROV DUH VXSSRUWHG )ORRGLQJ HQVXUHV KLJK DFKLHYLQJ FDSDFLW\ DQG
GHILFLHQF\RIURXWLQJWLPHLQORZGHQVLW\QHWZRUNV6LPXOWDQHRXVO\PXOWLPHGLDEURDGFDVWLQJXWLOL]HVDFRQVLGHUDEOH
PHDVXUHRIQHWZRUNOLPLWDQGLWLVLQFOLQHGWRGLVSOD\WKHGLVDVWHULQGHQVHQHWZRUNVWKDWH[SDQGVWKHURXWLQJSURFHVV
7KH UHURXWLQJSURFHVVGHFUHDVHV WKH RYHUKHDGVE\SURFHVVLQJ WKHPXOWLPHGLD UHURXWLQJ WKHSDFNHW FROOLVLRQXVLQJ
5HJLRQ EDVHG URXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ *XLGHG %URDGFDVWLQJ 3URWRFRO 553&*%3>@ 6HYHUDO DPRXQW RI
PXOWLPHGLD EURDGFDVWLQJ SURFHVV KDYH EHHQ SURSRVHG WR DFFHVV WKH SRUWDEOH QRGHV WRPHDVXUH WKH GHQVLW\ RI WKH
QHDUHVWQRGHVDQGUHSODFHWKHUHSHWLWLRQRIWKHWHOHFDVWLQJSURFHVVZLWKKLJKFDSDFLW\5HFHQWO\WKHURXWLQJSURWRFRO
LQD0$1(7GHFUHDVHVWKHEURDGFDVWLQJLVVXHVLQDPXOWLPHGLDEURDGFDVWLQJLQIRUPDWLRQ

7KLV SDSHU IRFXVHV RQ WKH DVVHVVPHQW RI WKH HIIHFWLYHQHVV LQ 5HJLRQ EDVHG 5RXWLQJ ZLWK 3DUDOOHO &ROOLVLRQ
*XLGHG %URDGFDVWLQJ 3URWRFRO 553&*%3 SURWRFRO RQ WKH UHPRWH QHWZRUNV &RQVLGHU DQ H[DPSOH SRUWDEOH
GRFXPHQWLQIRUPDWLRQ LPSDUWLQJ DQG 3XVK WR 7DON 377 RWKHUZLVH FDOOHG 3UHVVWR7UDQVPLW 6XFK DSSOLFDWLRQV
UDWKHUWKDQ9RLFHRYHU,39R,3DQGJDPLQJWKDWGRQ¶WPDNHWKHFOLHQWVWRXWLOL]HWKHLUFRQQHFWLRQZKLFKLPSOLHV
WKDWWKH\GLGQ¶WVHQGDQ\PRYHPHQWRQWKHURXWLQJSURWRFRO7KHFRUUHVSRQGHQFHFKDQQHOFDQEHNHSWG\QDPLFE\
VHQGLQJFRQWUROSDFNHWV WR WKHREMHFWLYHQRGHWRUHPLQGWKHWUDQVLWLRQDOQRGHVDORQJWKHZD\WKDW WKHURXWHLVVWLOO
EHLQJ XVHG 7KLV ZLOO PDLQWDLQ WKH GHVWLQDWLRQ URXWHV WKDW FDQ EH DFFHVVHG DW ZKDWHYHU SRLQW QHHGHG WR WUDQVIHU
LQIRUPDWLRQWRH[SDQGWKHQHWZRUNDVVHWVLHQHWZRUNGDWDWUDQVIHUFDSDFLW\DQGQRGHSRZHU2QWKHRWKHUKDQGLI
WKHVH FRQWURO SDFNHWV DUH QRW VHQW VHTXHQWLDOO\ WKH\ FDQ UHVXOW LQ WKH URXWLQJ WDEOH WR PRGHUDWH WKH QRGHV RI
PXOWLPHGLD EURDGFDVWLQJ 7KLV SURFHVV FDQ HOLPLQDWH WKH GLVDVWHU LVVXH ZKLFK VHTXHQWLDOO\ H[SDQGV WKH QHWZRUN
WKURXJKSXWDQGFDXVHVKLJKSRZHUXWLOL]DWLRQLQFRQQHFWHGQRGHV

7KLVSDSHUGHSLFWV WKHRXWOLQHRI WKH553&*%3DQGWKHUHVXOW LVJHQHUDWHGXVLQJ553&*%3SURFHVVZLWKWKH
HOLPLQDWLRQRIWKHGLVDGYDQWDJHVIURPWKH$2'9DQG'65
:H FKRVH WKH SUHYLRXVO\ VWDWHG SURWRFROV WR WKLQN DERXW WKHLU H[HFXWLRQ DJDLQVW 553&*%3 IRU WKH UHDVRQ WKDW
IROORZVDV
L 7KH\DUHWKHPRVWPDLQVWUHDPSURWRFROVXWLOL]HGDVDSDUWRIIOH[LEOHFRQQHFWHGQHWZRUNV7KHVHSURWRFROV
DUHUHFRJQL]HGE\WKH,QWHUQHW(QJLQHHULQJ7DVN)RUFH,(7)
LL 7KH\ DUH EURDGO\ XWLOL]HG DQG JHQHUDOO\ SUDFWLFHG RQ WKH UHDO WLPH DSSOLFDWLRQV )RU H[DPSOH0LFURVRIW
ODWWLFHQHWZRUNVXVH HOHPHQW VRXUFH URXWLQJNQRZQDV'65$GGLWLRQDOO\$2'9 URXWLQJ FRQYHQWLRQ LV
DOVRDFFHVVLEOHIRUWKH/LQX[DQG0LFURVRIW:LQGRZVZRUNLQJIUDPHZRUNV
7KLV SDSHU VWDUWV ZLWK D VKRUW SUHVHQWDWLRQ DERXW WKH 553&*%3 FRQYHQWLRQ LQ 6HFWLRQ  $W WKDW SRLQW LW
GHVFULEHV HIILFLHQW XWLOL]DWLRQ RI WKH WLPH LQ WKH UHJLRQDO SURWRFRO SURFHVV 7KLV FRYHUV WKH VWUDWHJLHV XVHG WR
UHFRJQL]H UHJLRQ SLRQHHUV DQG KRZ QRGHV FRPSXWH DQG GLVSHUVH WKHLU )LWQHVV )DFWRU )) DV GHVFULEHG LQ 6XE
6HFWLRQ6HFWLRQGHDOVZLWKWKHHQHUJ\XWLOL]HGLQWKHVHQHWZRUNV,QVHFWLRQLWGHDOWZLWKDUHSUHVHQWDWLRQRI
WKHWKUHHSULQFLSOHVLWXDWLRQVXVHGWRWHVWWKHSURWRFROVH[HFXWLRQLQDGHWDLOHGPDQQHU7KHVHFWLRQGHPRQVWUDWHV
DERXWWKHSHUIRUPDQFHSDUDPHWHUV7KHVHFWLRQDQGGHSLFWVWKHUHVXOWVRIXVLQJWKHVHSURWRFROV7KHVHJPHQW
GHVFULEHVDERXWWKHGHWHUPLQDWLRQRIWKHURXWLQJSURWRFROV
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2. The RRPCGBP convention  

553&*%3 FRQYHQWLRQ GHSHQGV RQ WKH GHFRPSRVLWLRQ RI WKH QHWZRUN LQWR FRWHUPLQXV UHJLRQV E\ FKRRVLQJ D
VLQJOHQRGHIURPDSRRORIQRGHVWKDWGHQRWHV5/[RQWKHDQDO\VLVRIWKHKLJKSRZHUXWLOL]DWLRQ)RUH[DPSOHKLJK
EDWWHU\IRUFHDQG]HURORZSRUWDELOLW\LVFRQVLGHUHGDVWKHPDLQDWWULEXWHVIRUFKRRVLQJWKH]RQDOOHDGHU7KH]RQDO
OHDGHUSUHGLFWVWKHVHFXUHVHOHFWLRQRIWKHQRGHV

1RGHVLQWKH553&*%3KDYHRQHRIWKHWKUHHSDUWV5HJLRQ/HDGHU5/PHPEHURULGOH%\GHIDXOWWKHLGOH
QRGHVFDQQRWVKRUHXSZLWKWKHWLPH$GGLWLRQDOO\GHWDFKDEOHPRELOHVWDWLRQVWKDWFRQWLQXDOO\WHOHFDVW WKHµ+HOOR¶
PHVVDJHVZLWKLQDSDUWLFXODUUDQJH,QWKLVDSSURDFKWKHVHDUHQRWUHEURDGFDVWHGRQEHLQJUHFHLYHGIURPLWVSUHYLRXV
QRGHV+LPHVVDJHVDUHXWLOL]HGWRVHQVHWKHSUHVHQFHRIQHLJKERXUVDQGIRFXVWKHFRQQHFWLRQVWDWXVEHWZHHQWKHP
7KH+HOOR ,QWHUYDO DQG$OORZHG+HOOR /RVV DUH WKH SDUDPHWHUV WKDW FRQWURO WKH+HOOR WUDQVPLVVLRQ UDWHZLWK WKH
SUHYLRXVVHWWLQJLQEHWZHHQWKHHYHU\+HOORDQGDFNQRZOHGJHPHQWIURPWKHSUHYLRXVQHLJKERXUV7KHWLPHSHULRGV
IRU+HOOR,QWHUYDODUHRQHVHFRQGDQGWZRVHFRQGVIRUWKH$OORZHG+HOOR/RVVSDUDPHWHU

,Q WKH553&*%3+HOORPHVVDJHVDUHVLPLODU WRWKHURXWLQJSURWRFRO$2'97KRXJKWKH+HOORKHDGHUV LQWKH
SUHYLRXVKDYHH[WUDILHOGVIRUH[DPSOHWKH5/BLSILHOGZKLFKLVXWLOL]HGWRGHSLFWVWKHVHQGHU
VUROHLQWKHFXUUHQW
SDWK7KH5/BLSVWRUHVWKH5/
V,3DGGUHVVDQGLI5/BLSFRQYH\VDQLQYDOLGHVWHHPWKHQWKLVGHPRQVWUDWHVWKDWWKH
VRXUFHRIWKLV+HOORPHVVDJHIURPDQLGOHQRGH,IWKH5/BLSPHDVXUHVXSWRWKHVHQGHU
V,3DGGUHVVLWLPSOLHVWKH
VHQGHU LV D 5/ 7KH VRXUFH RI WKH +HOOR LV QRZ D SDUW RI D FXUUHQW 5/ ZLWK ,3 ORFDWLRQ HTXLYDOHQW WR 5/BLS
'LVWULEXWLQJWKHVWDWXVRIDQRGHWULJJHUVWKHDFWLYLWLHVRIWKHZHOOFRQQHFWHGQHWZRUNUHJLRQV

,Q WKHSUHOLPLQDU\ VWDJHZKHQRUJDQL]LQJ WKHQHWZRUN UHJLRQV DOO QRGHV DUH HVWDEOLVKHG LQ DQ LGOH VWDWH
ZLWK+HOORPHVVDJHV DPRQJ WKHPVHOYHV 6XEVHTXHQWO\ WZR RUPRUH QRGHVZLOO XQGHUVWDQG WKHLU SUHVHQFH LQVLGH
WKHLU UHVWULFWHG UHPRWH UDQJH 7KH\ FRQVHTXHQWO\ FKRRVH WR SHUIRUP WKH UHJLRQ GHYHORSPHQW FRQYHQWLRQ VR DV WR
FKRRVH WKHPRVW GHSHQGDEOH QRGH DV WKH 5/ RI WKLV UHJLRQ 2QFH FKRVHQ WKH UHPDLQLQJPHPEHU RI WKH UHJLRQ
GHYHORSPHQWPDLQWDLQV WKHLUVWDWXVZLWKRWKHUQRGHVDQGEHJLQV LWVGLVWULEXWLRQRQ5/
V,3E\PHDQVRI WKH+HOOR
PHVVDJHKHDGHULQWKH5/BLSILHOG
5HFRJQL]LQJUHJLRQ
VSLRQHHUV
3DFNHW)RUPDW VKRZVWKHIRUPDWRIWKH+(//2PHVVDJH
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

_7\SH_5_$_2_3_5HVHUYHG_3UHIL[6]_+RS&RXQW77/_

_5/,3DGGUHVV_

_'HVWLQDWLRQ6HTXHQFH1XPEHU_

_2ULJLQDWRU,3DGGUHVV_

_/LIHWLPH_

7KHUHJLRQGHYHORSPHQWFRQYHQWLRQLVXWLOL]HGWRUHFRJQL]HDUHJLRQSLRQHHUVRWKDWQRGHVZLWKWKHPRVWSRZHU
XWLOL]DWLRQIRUH[DPSOHKLJKEDWWHU\SRZHUKLJKQHWZRUNGHJUHHDQGOHDVWYHUVDWLOLW\DUHIDYRUHGIRUWKH5/SDWK

$W WKH SRLQWZKHQ DQ LGOH QRGH ILUVW JHWV D+HOOR LW VHWV D WLPH WR LQYHVWLJDWH WKH H[HFXWLRQSURFHVV7KHQ LW
ILJXUHV WKH TXDQWLW\ RI G\QDPLF FRQQHFWLRQV WR LWV FRQWURO QHLJKERUV WKDW DUH QRW DV D SDUW RI 5/ RU SDUWV RI DQ
DGMDFHQW UHJLRQ DQG WKLV LV XWLOL]HG WR PDQDJH WKH VSHHG RI WKH FRPPHQFHPHQW FORFN 7KH QRGH ZLWK WKH PRVW
HOHYDWHGOHYHORIWKHQHWZRUNLVZHOORQWKHZD\WRWXUQLQWRWKH5HJLRQ&RQVWUXFWLRQ2UJDQL]HU5&27KHSXUSRVH
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EHKLQG WKLV LV WR LQFOXGH ZKDWHYHU WKH VWDWXV WUDFHG IURP WKH LGOH QRGHV 7KH 5&2 LQVWDQWO\ WHOHFDVWV D UHJLRQ
GHYHORSPHQWFDOODQGDUHJLRQGHYHORSPHQWHQGWLPHZLWKDGHFLGHG77/VRWKHFDOOGRHVQRWVSUHDGRYHUWKHZKROH
QHWZRUN $ PRGHUDWH 77/ TXDOLW\ LV PHDVXUHG RI ± $Q LGOH QRGH WKDW GLVFRQQHFW WKH FDOOV ZKHQ WKH FORFN
FRPPHQFHPHQW SURFHGXUH WR WXUQ LQWR WKH5&27KH5&2 OLNHZLVH WUDQVIRUPV LWV VWDWXV WR5&37KH UHPDLQLQJ
DGMDFHQW QRGHV LQ WKH UHJLRQ GHYHORSPHQW FDOO JHW WKH LQIRUPDWLRQ IURP WKH 5/V PHPEHU QRGHV DQG 5&3 E\
WHOHFDVWLQJWKHµ6255<¶PHVVDJHVIRUWKHFDOOGURSSLQJ7KLVLVFDUULHGRXWE\SURFODLPLQJWKHQRGH
VSUHVHQWVWDWXV
RUGLVWLQJXLVKLQJLWV5/LIRQHH[LVWV

7KLVLVWRIRUHWHOODERXWWKHVHWWOHGQRGHVWKDWDUH5/VRDVWRUHGXFHWKHRYHUKHDGVIURPWKHQHWZRUNFROOLVLRQ
7KLVSHUPLWVWKHQRGHVIRUDFHUWDLQWLPHDPRQJLWVDOOQHLJKERXULQJQRGHVWRUHFHLYHWKHUHJLRQGHYHORSPHQWFDOO
DQG WR WXUQ LQWR D 5&3 7KH UHJLRQ GHYHORSPHQW HQG WLPH LV FRPSXWHG LQ D FRPSDUDWLYH PDQQHU WR WKH
1HWBWUDYHUVDOBWLPH SDUDPHWHU DV LQ$2'9 FRQYHQWLRQ WKDW GHSLFWV WKH H[HFXWLRQ WLPH RI8QLFDVW URXWLQJ ,I WKH
URXWH VWDWXV LV QRW SUHGLFWHG LQ WKH1HWBWUDYHUVDOBWLPH WKH VRXUFH QRGH VHQGV DQRWKHU DSSHDO IRU D WHOHFDVW 7KH
1RGHBWUDYHUVDOBWLPH LV D FXVWRPDU\ DSSURDFK WR DVFHUWDLQ WKH QRUPDO ERXQFH WUDYHUVDO WLPH IRU SDFNHWV ,Q WKLV
LQYHVWLJDWLRQ7KH5HJLRQBFRQVWUXFWLRQB7,0(LVFRPSXWHGDQGXVHGWRFDOFXODWHWKHWLPHFRQVXPHGLQDOO5&3
3DUWWDVN

$WWKHSRLQWZKHQWKHUHJLRQGHYHORSPHQWWLPHFORVHVWKH5&3VRUWWKHREWDLQ))¶VDQGWKHILUVWHYHQWRIWKHEHVW
))UHFRJQL]HVWKH5/6XEVHTXHQWO\HYHU\5&3KDVWRUHFRJQL]HWKHVDPH5/7KH5&3IURPDQRGHFKHFNVWREHD
SDUW RI PHPEHU QRGHV DQG SXW WKH 5/
V ,3 LQ WKHLU +HOOR KHDGHUV VXEVHTXHQWO\ FRQILJXULQJ WKH UHJLRQ 7KH
UHPDLQLQJ5&3VSRWWHGLQVLGHD!KRSFRXQWIURPWKHUHFHQWO\FKRVHQ5/7KLVPHWKRGRORJ\LVUHKDVKHGXQWLOHDFK
QRGH ILWV LQWR D UHJLRQ7KH5&* IDFLOLWDWHV WR ILQG LWV QHLJKERU QRGHVE\PHDQVRI VHQGLQJ+HOORPHVVDJHV DQG
UHJLRQVDUHFRQVWUDLQHGE\WKHGLVWDQFHDFURVV57KHUHJLRQ5KDVWREHUHVWULFWHGGXHWRIROORZLQJUHDVRQVVXFKDV
,IVXEVWDQWLDOKRSFRXQWYDOXHVDUHFRQVLGHUHGWKHZLGWK5WKHQWKHUHVXOWZLOOEHDPRUHSURPLQHQWQXPEHU
RIPRGHUDWHQRGHVEHWZHHQWKH5/
:KHQDPHPEHUQRGHUROOVRXWWRWKHQRYHODQGH[WHQVLYHUHJLRQVWKDWRYHUKDXOVWKHWLPHH[WHQVLRQWRUHDFK
WKH5/V
5HGXFLQJWKHQRGHVKDVWREHFURVVFKHFNHGZLWKWKH5/V
$OORZLQJIRUDQXPEHURI5/VWRH[LVWLQWKHQHWZRUNGHFUHDVHVWKHQRGHVWREHHQFRXQWHUHG
)LJXULQJWKH)LWQHVV)DFWRU))
7KH UHJLRQ GHYHORSPHQW FRQYHQWLRQ LV XWLOL]HG WR UHFRJQL]H D UHJLRQ SLRQHHU ZKHUHE\ QRGHV ZLWK WKH OHVV
SDUDPHWHUVIRUH[DPSOHOHDVWYHUVDWLOLW\DQGDKLJKOHYHORILQWHJUDWLRQDQGEDWWHU\IRUFHWKDWDUHIDYRXUHGIRUWKH
5/SDUW$VLPLODUSURFHVVNQRZQDVµ:HLJKWHG&OXVWHULQJ$OJRULWKP:&$¶FDOFXODWLRQ>@LVHPEUDFHGLQWKH
5&* WRFRPSXWH WKH))RI WKHQRGHV IUDPLQJ WKH UHJLRQV:&$ LVDGLVSHUVHGDSSURDFK WKDWFRQVLGHUVGLIIHUHQW
QHWZRUN HOHPHQWV IRU H[DPSOH WUDQVPLVVLRQ FRQWURO WKH OHYHO RI QHWZRUN YHUVDWLOLW\ DQG WKH DFFHVVLEOH EDWWHU\
SRZHUZKHQHOHFWLQJWKHUHJLRQDOKHDGHULQUHPRWHQHWZRUNV2QHIXQGDPHQWDOIRFDOSRLQWRIWKLVFDOFXODWLRQLVWKDW
WKHVHFRPSRQHQWVDUHJLYHQGLVWLQFWLYHZHLJKWVWRVWUXFWXUHJURXSVWKDWVXLWGLIIHUHQWVLWXDWLRQVDQGDSSOLFDWLRQV

7KH5/VFKRLFHQHWZRUNGRHVQRWWDNHTXLWHDZKLOHDQGLWLVQRWSHUIRUPHGSURDFWLYHO\LQWHUPLWWHQWO\MXVW
EHLQJSHUIRUPHGRQLQWHUHVW,QDGGLWLRQWKH\DUHFKRVHQIRFXVHGDURXQGXQZDYHULQJTXDOLW\HOHPHQWV
WRGUDJRXWWKHOLIHWLPHRIWKHUHJLRQWKH\OHDGZKLFKOHVVHQVWKHRYHUKHDGVFRQQHFWHGZLWKWKH=&3
DQGFRQVHTXHQWO\WKHFDOFXODWLRQFRVW
,QGLIIHUHQFHWR:&$FDOFXODWLRQV>@WKH))FDOFXODWLRQSODQVWRGLPLQLVKWKHTXDQWLW\RIJURXSVLQWKH
QHWZRUNE\QRWFRQVWUDLQLQJWKHTXDQWLW\RIQRGHV
0RELOLW\ LV D EDVLF FRPSRQHQWZKHQ VHOHFWLQJ WKH5/ ,Q WKLV DVSHFW WKH5/ WKDWPRYHV DUELWUDULO\ DQG
UDSLGO\ZLWK UHVSHFW WR LWV QHLJKERU QRGHV 7KH DGDSWDELOLW\ RI WKH QRGHV LQ D0$1(7 LV D FHUWDLQ
YDULDEOHDQGWKLV LV WKHUHDVRQWKH5/GHWHUPLQDWLRQQHWZRUNLQWHQGVWRGHFUHDVHWKHLUQXPEHULQ WKH
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QHWZRUNDQGSLFNLQJWKRVHZLWKOHVVSRUWDELOLW\WRWDFNOHWKHPHPEHU+HQFHIRUWKWKHHIILFLHQWQRGHV
ZLWK WKH KLJKHVW VSHHG DQG SRUWDELOLW\ LV XVHG IRU WKH VHOHFWLRQ RI WKH 5/ HLWKHU WKH\ FRQQHFW RU
GLVFRQQHFWIURPWKHJURXSVRIDQHWZRUN
$QRWKHUHVVHQWLDOFRPSRQHQW WKDW LVFRQVLGHUHGZKHQVHOHFWLQJ5/V LVEDWWHU\SRZHU ,QVSLWHRI WKH IDFW
WKDW WKH 5/ LV QRW LQ FKDUJH RI WKH URXWLQJ EHWZHHQ WKH UHJLRQV FDXVHV VHYHUDO RYHUKHDGV LQ WKH
SURWRFRO
)LJ7KHIORZFKDUWGHPRQVWUDWHVWKHILUVWSHULRGRIWKHSURSRVHGSURWRFROIRUUHFRJQL]LQJWKHSLRQHHUUHJLRQV
6XSSRVHWKHUHDUH7FOXVWHUV ^&&7`DQGWKDW&7 ^1L1LP`ZKLFKPHDQVHDFKFOXVWHUKDVDVHW
RIPQRGHVZKHUH IRU HDFK1LM ¼&L ,QSKDVHGXULQJ WKH UHJLRQFRQVWUXFWLRQ WLPH HDFKQRGH1LM FDOFXODWHV LWV
ILWQHVVIDFWRU)LMUHOHYDQWWRDOOLWVQHLJKERUV1LPLQWKHFOXVWHU&L



:KHUHGLVWKHGLVWDQFHDQGFLVWKHVSHHGRI OLJKWF§PV5HPRWHGHQRWHVWKHWLPHGXUDWLRQEHWZHHQ
VWDUWLQJWKHWUDQVPLVVLRQRID+HOORSDFNHWDQGUHFHLYLQJWKHFRUUHVSRQGLQJDFNQRZOHGJHPHQW7KHORFDOUHSUHVHQWV
WKHWLPHGXUDWLRQRIUHFHLYLQJRQH+HOORSDFNHWDQGVHQGLQJRXWDQDFNQRZOHGJHPHQW%\VXEWUDFWLQJWKHWORFDOIURP
WKHWUHPRWHWKHRXWFRPHUHVXOWUHSUHVHQWVWKHDSSUR[LPDWHSURSDJDWLRQWLPH7RLQFUHDVHWKHDFFXUDF\RIWKHGLVWDQFH
HVWLPDWLRQ WKH 5&* XVHV PXOWLSOH GHOD\ REVHUYDWLRQV 7KH DJJUHJDWH RI WKH GLVWDQFHV IURP DOO LWV QHLJKERUV LV
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FDOFXODWHGVRWKDWJLJ PO LM GDYJ1LM1LO6XEVHTXHQWO\Q+HOORPHVVDJHVDUHVHQWLQRUGHUWRJHWWKHDYHUDJH
GLVWDQFHZLWKLQWKHWLPHGXUDWLRQWZKHUH

GDYJ1LM1LO  

:KHUHG LVGLQWKHDERYH(T7KH))KHOSVWRGLVWLQJXLVKUHOLDEOH5/VVRWKDWWKHUHJLRQVWKH\DUHOHDGLQJ
DUH VWDELOL]HG IRU WKH ORQJHVW SRVVLEOH WLPH GXUDWLRQ ,Q DGGLWLRQ DQ LPSRUWDQW HOHPHQW RI UHOLDELOLW\ LQ DG KRF
FRPPXQLFDWLRQFDQEHPHDVXUHGE\WKHOLQNH[SLUDWLRQWLPHWKDWLVWKHPD[LPXPWLPHRIFRQQHFWLYLW\EHWZHHQDQ\
WZRQHLJKERXULQJQRGHV>@7KH5&*FDOFXODWHVWKHGLVWDQFHVEHWZHHQQHLJKERXUQRGHVIURPWKH+HOORPHVVDJHV
UHFHLYHGGXULQJWKH5(*,21B&216758&7,21B7,0(0RUHRYHUXQGHUWKLVSURWRFROLWLVSRVVLEOHWRSUHGLFWWKH
UDWHRIJURZWKGHOD\RIWKHGLVWDQFHEHWZHHQDQ\DGMDFHQWQRGHVDQGFDOLEUDWHWKHLUGLUHFWLRQ

LM 1LM1LOW1LOWQ  

/HW1LMWEHWKHSRVLWLRQRIQRGH1LMDWWLPHW)RUHYHU\QRGH1LMWKHUHLVDVHWRIPYDOXHVRILM 1LM«1LO
PWKHQWKHGHJUHHGLIIHUHQFHRIWKHQRGH1LMPRELOLW\UHODWLYHWRDOOQHLJKERXUVLQVLGHWKHFOXVWHU&WQHHGVWREH
FRPSXWHG7KHQLQILUVWQRGHUHSUHVHQWVWKHQXPEHURI+HOORPHVVDJHUHFHLYHGGXULQJDGHILQHGWLPHLQWHUYDO7KH
FROOHFWLYHORFDOPRELOLW\RIDQRGH1LMFDQEHIRXQGE\FRPSXWLQJWKHVWDQGDUGYDULDWLRQDLMRIWKHHQWLUHVHWRIWKH
QHLJKERUV¶UHODWLYHPRELOLW\YDOXHVLMDVVKRZQLQWKHIROORZLQJ7RIRUPDUHOLDEOHFOXVWHU LQWHUPRIPRWLRQ
VWDELOLW\ HDFK QRGH LV UHTXLUHG WR FRPSXWH WKH UHODWLYH PRELOLW\ RI DOO GLUHFW QHLJKERXUV 7KLV SHUIRUPHG E\
PHDVXULQJWKHYDULDQFHRIUHODWLYHPRELOLW\IRUHYHU\QHLJKERXUZKLFKDOORZVWKHFOXVWHUQRGHVWRVHOHFWWKHQRGH
ZLWKWKHOHDVWPRELOLW\UDWLRZLWKUHVSHFWWRDOOPHPEHUVDQGWKDWZLWKWKHORZHVWDLM LVHOHFWHGWREHWKHLUKHDGIRU
EHWWHUFOXVWHUVWDELOLW\


:KHUH  =&3VXVHWKHZHLJKWHGPHDQIRUPXODRI(TWRFDOFXODWHWKHLUILWQHVVYDOXHXVLQJORFDO
GDWDZKHUHELMGHWHUPLQHVKRZPXFKEDWWHU\SRZHUKDVEHHQFRQVXPHG

ILM ZDLMZ.LMZELM

1HWZRUNURXWLQJFRQYHQWLRQ

$WWKHSRLQWZKHQDQRGHWXUQVLQWRD5/LWEHJLQVDGYHUWLVLQJLWVSDUWWKURXJK+HOORPHVVDJHV$Q\LGOHQRGH
WKDWH[LVWVLQWKHUHPRWHQHWZRUNVRIWKH5/DQGJHWVWKRVH+HOORVGRHVHQUROOLWVHOIDVDPHPEHUQRGHWRLWLQRUGHU
WRGHYHORSDUHJLRQ7KH5/SURDFWLYHO\PXOWLWKURZV,'UHFRUGVWRDOO5/VLQWKHQHWZRUNPDLQWDLQWKHVWDWXVRIDOO
FXUUHQW5/VDQGWKHLUFRQQHFWHGSDUWVRIWKHQHWZRUN

5HJLRQGLVDSSRLQWPHQW

7RDGGUHVVWKHIDLOXUHRIQRGHVLWLVQRWHGWKDWWKHQHZ5/FDQEHDPHPEHUQRGHRIWKHVHFRQGPRVWDVWRXQGLQJ
ZHOOQHVVZRUWK IRXQGDLPHG WKH UHJLRQGHYHORSPHQWFRQYHQWLRQ2Q WKHRWKHUKDQG LQ WKHFDVHRIDQDO\]LQJ WKH
GLIIHUHQW VLWXDWLRQV LWZDVFKRVHQ WRSHUPLW WKHQRGHV WRZLQGXS WKH LGOHQRGHDJDLQDQGSHUIRUPDQRWKHU UHJLRQ
GHYHORSPHQWSURFHGXUHRUEDVLFDOO\MRLQFORVHE\UHJLRQVDVSDUWQHHG
V7KH))VRIQRGHVFDQFKDQJHUDSLGO\LQD
0$1(7LWLVOLNHO\WKDWQRGHVWKDWMRLQUHJLRQVDIWHUWKHGHYHORSPHQWSURFHVVKDVRFFXUUHGKDYHORZHU))VWKDQDOO
WKH UHJLRQ
VSDUWQRGHVDQG WKHQRGHZLWK WKHVHFRQGPRVWPLQLPDO))PD\QRWEH IRXQG LQD IRFDODUHDZLWKDOO
PHPEHUQRGHVRIWKHSDVW5/

'LVFRYHULQJWKHSDWK

&RQVLGHUDQRGH6LQUHJLRQ&WKDWQHHGVWRMRLQQRGH'LQUHJLRQ)1RGH6ZLOOSXWWKHUHTXHVWZLWKLWVQHDUE\
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5/FQRGH


)LJ)XQGDPHQWDOIORZFKDUWIRUWKHVWDUWRIWKHSDUDOOHOFUDVKJXLGHGWHOHYLVLRQDWWKH5/RIWKHVRXUFHQRGH6WRILQGQRGH'

$WWKHSRLQWZKHQ6DQG'JHWWKH3'&PHVVDJHWKH\VKRZURXWHGHPDQGPHVVDJHV55(4ZLWKDVSHFLILFHQG
JRDOWRGLVFRYHUHDFKRWKHUDQGUHEURDGFDVWLQJSURFHHGVDWPRGHUDWHQRGHVXQWLODSRVLWLYH55(4LPSDFWKDSSHQV
7KDWLVWKHSRLQWDWZKLFKDPLGGOHRIWKHPHPEHUQRGHJHWV5UHTVFUHDWHGIURPERWKILQLVKHVZLWKLQGLVWLQJXLVKDEOH
WHOHYLVLRQ,'VDQGWKHVRXUFH,'ORFDWLRQRIRQH55(4LVWKHVDPHDVWKHREMHFWLYH,'RIWKHRWKHUDQGWKHRWKHU
ZD\DURXQG

6HDUFKLQJWKHURXWLQJWDEOHVDWPLGGOHQRGHVLVHYHU\VKDSHGZLWKKDVKWDEOHVWRVSDUHURXWLQJHQWUDQFHVZKLFK
WDNHXSDVWHDG\KXQWWLPH7KDWLVFRQWHPSODWLQJWKHQRGHV
ORZSUHSDULQJFDSDFLW\DQGOLPLWDQG WKHFRQWLQXDOO\
FKDQJLQJURXWLQJLQIRUPDWLRQEHFDXVHRIWKHLUYHUVDWLOLW\OLWWOHKDVKWDEOHVDUHXWLOL]HGWRDFFHOHUDWHWKHULJKWWRJDLQ
HQWUDQFHWRLQIRUPDWLRQ

 5HGXFWLRQRIH[FHVVUHEURDGFDVWV
5RXWLQJEHWZHHQLQDFFHVVLEOHQRGHVRIWZRVHSDUDWHUHJLRQVLVFDUULHGRXWE\DFRPSDUDWLYHQHWZRUNWRWKH77/LQ
WKH$2'9>@KRZHYHUUDWKHUWKDQWKHKRSFRXQW5HJLRQWR/LYH57/LVXWLOL]HG7KLVLVWKHTXDQWLW\RIUHJLRQV
D55(4QHHGVWRFURVVEHIRUHLWJHWVWRVVHGWKDWLVWKHSRLQWDWZKLFKWKH57/TXDOLW\LV]HUR
 5RXWHVXSSRUW

7KH5&*EDFNLQJVMRLQGLVDSSRLQWPHQWVXSSRUWOLNHWKDWXWLOL]HGDVDSDUWRIWKH$2'9URXWLQJFRQYHQWLRQ>@
7KDWLVLWVQRGHVXVHLQWHUPLWWHQW+HOORPHVVDJHVRUDQ\SDFNHWVIRUH[DPSOH55(4DQG55(3WRVHQVHMRLQVWDWXV
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RIWKHLUQHLJKERXUVWKDWDUHDSLHFHRIG\QDPLFURXWHVVRZKHQDFRQQHFWLRQGLVDSSRLQWPHQWLVVHHQE\RQHRUPRUH
QRGHVD5RXWH(UURU3DFNHW5(55PHVVDJHZLOOEHVHQWWRUHSRUWDUXQGRZQRIDOOLQDFFHVVLEOHHQGVFUHDWHGE\
WKLV FRQQHFWLRQ GLVDSSRLQWPHQW WR LQWULJXHG QHLJKERXUV NQRZQ DV WKH DQWHFHGHQW UXQGRZQ ZKLFK DUH SURQH WR
XWLOL]HWKLVQRGHDVWKHIROORZLQJMXPSWRDFKLHYHWKHVHJRDOV7KHPHWKRGRORJ\RIUHSDLULQJDEURNHQFRQQHFWLRQ
REOLJHVWKHDFFRPSDQ\LQJ

L 'LVFUHGLWH[LVWLQJURXWHV
LL *DWKHULQJLQIOXHQFHGJRDOV
LLL 6HOHFWLQJWKHLPPHGLDWHQHLJKERUVWKDWDUHLQIOXHQFHGE\WKHFRQQHFWLRQEUHDNDJH
LY 6HQGLQJD5RXWH(UURU3DFNHW5(55PHVVDJHWRWKHVHQHLJKERUV
3.  Energy efficiency, utilization model  

$WHDFKRQHQHWZRUNQRGHWKHYLWDOLW\H[SHQVHRIHYHU\SDFNHWZDVUHJLVWHUHGDVWKHDJJUHJDWHRILQFUHPHQWDO
H[SHQVHPZLWKUHVSHFWWRWKHSDUFHOVL]HDQGELVDVHWWOHGYLWDOLW\H[SHQVHFRQQHFWHGWRFKDQQHOVHFXULQJ

&RVWZDWWV PVL]HE

,Q >@ WKH WULDO UHVXOWV DIILUPHG WKH SUHFLVLRQRI WKH VWUDLJKWPRGHO DQGZHUH XWLOL]HG WR IRFXVYDOXHV IRU WKH
GLUHFWLYHVFRHIILFLHQWVPDQGEIRUGLIIHUHQWRSHUDWLRQV

4. Test arrangement  

231(7 >@ D GLVFUHWH RFFDVLRQ UHSURGXFWLRQ DSSDUDWXV ZDV XWLOL]HG WR PLPLF WKH 5&* $2'9 DQG '65
URXWLQJFRQYHQWLRQVIRU0$1(7VWKDWUHVXOWVWKHURXWLQJHIILFLHQF\DQGH[HFXWLRQ$OOHYHU\FRQYHQWLRQZDVWULHG
ZLWKWKHVDPHLQWURGXFWRU\FRQGLWLRQVDQGVHHGV$OOUHPRWHQRGHPRGHOVDUHFRQQHFWHGZLWKLQWHUIDFHVZLWK
0ESVGDWHUDWH7KHQRGHVDW UHPRWH LQWHUIDFHZHUHGHVLJQHG WRFRYHUDQRUPDO UDQJHRIPRUHRU OHVVP
ZKHQ QR LPSHGDQFH DQG SK\VLFDO GHWHUUHQWZDV DYDLODEOH /LNHZLVH DOO OLQHG SDFNHW LQRXW EXQGOH VWUHDPVZHUH
JHWWLQJRXWWRFRS\DVHQVLEOHQRGHGLVDSSRLQWPHQW

5. Performance criteria   

7R GLVVHFW WKH H[HFXWLRQ RI WKH URXWLQJ FRQYHQWLRQV GLIIHUHQW TXDQWLWDWLYH PHDVXUHPHQWV ZHUH XWLOL]HG IRU
H[DPLQDWLRQV RI WKRVH FKRVHQ SDUDPHWHUV VXFK DV ELWVV DFKLHYH FDSDFLW\ GHJUHH URXWH UHYHODWLRQ GHOD\ V
QHWZRUNGHOD\VDJJUHJDWHWHOHFDVWUHWUDQVPLVVLRQSDUFHOV5RXWLQJPRYHPHQWWRWKHPHDVXUHRIURXWLQJDFWLYLW\
JRW LQELWVV LQ WKHZKROHQHWZRUN7KLVDFWLYLW\ LQFRUSRUDWHVDOO WKHFRQYHQWLRQ
VFRQWURORYHUKHDGV IRUH[DPSOH
+HOOR PHVVDJHV URXWH GHPDQGDQVZHU EXQGOHV URXWH ODSVHV DQG XSNHHS SDUFHOV 5RXWLQJ UHGHVLJQV DQG
DFNQRZOHGJHPHQWV5RXWLQJPRYHPHQWKDVDKLJKHIIHFWRQWKHQHWZRUNWKURXJKSXW

6. Results  

'LIIHUHQFHLQWKHQRGHVUDWH

,QWKLVDQDO\VLVDOOQRGHVZHUHSHUPLWWHGWRPRYHXQLQKLELWHGO\XWLOL]LQJWKHSUHYLRXVO\VWDWHGLUUHJXODUZD\SRLQW
PRGHO ZLWK DOO EHLQJ DUELWUDULO\ FRQQHFWHG ZLWK GLVWLQFWLYH YHUVDWLOLW\ VSHHG DQG IRUFH OHYHOV 7KLV WHVW ZDV
SHUIRUPHGWRLQVSHFWDOOFRQFHLYDEOHFDVHVDQGWRFKHFNWKHFRQYHQWLRQ
VH[HFXWLRQDQGWKHFDSDFLW\WRFKDQJHLQ
XQFRQWUROOHGQHWZRUN

$JJUHJDWH5287,1*PRYHPHQWELWVV

)LJ VSHDNV WR WKHDJJUHJDWH URXWLQJPRYHPHQW LQELWVV$Q\ LQIRUPDWLRQDFWLYLW\ WKDW LVKDQGHGRIIE\D
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QRGHLQUHPRWHQHWZRUNVPD\EHQXPEHUHGYDULRXVTXDQWLWLHVRIWLPHVIRUWKLVPHDVXUHPHQWVLQFHERWKWKHVRXUFH
DQG HQG RI WKH OLQH QRGHV QHHG WR JR DIWHU WKHLU WUDQVPLVVLRQV E\PHDQV RI DQ LPSDUWHG SK\VLFDOPHGLXP 7KLV
DFWLYLW\LQFRUSRUDWHVURXWLQJPRYHPHQWURXWLQJVXSSRUWUHSDLURUUHDODFWLYLW\LQIRUPDWLRQ

)LJ5RXWLQJWUDIILFUHFHLYHGELWVV


7KH5&*RIIHUVDUHGXFWLRQLQWKHRYHUKHDGVFUHDWHGE\URXWHSDWKSUHFHGLQJWKHHYHQWRI55(4FUDVK,QWKH
$2'9ZKHQ08/7,0(',$%52$'&$67,1*LVVWDUWHGDQGDFKLHYHVWKHREOLJHGHQG WKHURXWHDQVZHUSDUFHO
55(3 FUHDWHG DFFRUGLQJO\E\ WKH QRGHSHUIRUPV UHJUHVVLYH HQJHQGHULQJ WKURXJK WKHZKROH QHZ IRXQG URXWH WR
DFKLHYH WKH VRXUFH7KHQ DJDLQZKHQ D55(4FUDVK KDSSHQVEHFDXVH RI WKH SDUDOOHO WHOHYLVLRQ LQ WKH5&* WKH
55(3ZLOOEHFUHDWHGE\WKHQRGHDWZKLFKWKH55(4LPSDFWKDVRFFXUUHG
,Q DQ\ FDVH LW ZRXOG EH GHOXGLQJ WR WUDQVODWH WKLV DV DQ LQGLFDWLRQ RI LWV SUHYDOHQW TXDOLW\ZLWKRXW WDNLQJ D
JDQGHU DW LW¶V DFKLHYDEOH FDSDFLW\ SURSRUWLRQ  7KLV LV RQ DFFRXQW RI QRW DW DOO OLNH $2'9 DQG 5&* '65 LV
UHIHUHQFHSRLQWOHVVDQGFRQVHTXHQWO\GRHVQRWUHTXLUHLQWHUPLWWHQW+HOORPHVVDJHWUDQVPLVVLRQVZKLFKDUHXWLOL]HG
E\DQRGHWRHGXFDWHLWVQHLJKERUVRILWVYLFLQLW\$GGLWLRQDOO\LQD0$1(7WKHUHDUHRWKHUZLOGHOHPHQWVWKDWFDQ
WRVVUHSHWLWLYHLPSRUWDQWSDUFHOVDPLGWKHZD\UHYHODWLRQSURFHGXUH

,Q)LJLWLVQRWLFHGWKDWWKH'65VKRZVWKHPRVWQRWLFHDEO\DZIXOH[HFXWLRQRIWKHFRQYHQWLRQV2QWKHRWKHU
KDQGLQVSLWHRIWKHIDFWWKDWLWVDFKLHYHFDSDFLW\GHJUHHLVYHU\QHDUO\KDOIVKRUWRIZKDWWKDWRIWKH5&*LWILJXUHV
RXW KRZ WR EDODQFH RXW LQ QHWZRUNV WKDW FRPSULVH RI QRGHV ZLWK KLJK VSHHG UHDFKHV )LJ  DGGLWLRQDOO\
GHPRQVWUDWHVWKDWWKH5&*FRQYHQWLRQKDVGRQHZHOODQGLWVDFKLHYHFDSDFLW\GHJUHHGLPLQLVKHVVORZO\ZLWKQRGHV
ZLWK KLJKHU YHORFLW\$V D UXOH D KLJK DFKLHYH FDSDFLW\ SURSRUWLRQ LV DQ LQGLFDWLRQ RI WKH FRQYHQWLRQ SURILFLHQW
08/7,0(',$ %52$'&$67,1* SURFHGXUH \HW WKLV GRHV UHGXQGDQW LQIHU WKHUH LV D OHVVHU PHDVXUH RI
UHEURDGFDVWLQJHYHU\IUDPHGE\WKHQHWZRUNQRGHV

5RXWHUHYHODWLRQGHOD\V

)LJ $QG)LJ  GHPRQVWUDWHV WKH QRUPDO URXWLQJ SRVWSRQH WKDW REOLJHG WKH FRQYHQWLRQV WR ILQG QHZZD\V WR
VSHFLILFHQGQRGHV$ IHDVLEOHFODULILFDWLRQ IRU WKLVPD\EH WKDW LW
VRYHUKHDGVDUHSRVVLEO\ELJJHU LQ WKHVHQGLQJ
SDFNHWDFWLYLW\7KHSDFNHWKHDGHUVPD\FRQYH\IXOOURXWLQJGDWDZKLOHWKHURXWLQJGDWDLQWKH$2'9DQGWKH5&*
EXQGOHVSULPDULO\HPERG\WKHVRXUFHDQGHQGRIWKHOLQHDGGUHVVHVLQDGGLWLRQWRVRPHOLJKWZHLJKWGDWD,QDGGLWLRQ
WKHVKRZSDUFHOVRIWKHVHWZRFRQYHQWLRQVDUHRIDVHWWOHGVL]HZKLOVWWKH'65
VLVVWUDLJKWIRUZDUGO\UHODWLYHWRWKH
ZD\OHQJWK,QWKLVPDQQHUDOO8QLFDVWSDFNHWLQIRUPDWLRQLQWKH'65LVDGGLWLRQDOO\KXJHVLQFHWKH\FRQYH\DIXOO
UXQGRZQRIWKHQRGHORFDWLRQVIRXQGDORQJWKHQHZIRXQGURXWHV
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
)LJ5RXWHGLVFRYHU\GHOD\VLQUHODWLRQWRQRGHVYHORFLW\UDQJHPVLQWKHQHWZRUN




)LJ1XPEHURIEURDGFDVWUHWUDQVPLVVLRQ

(QHUJ\XWLOL]DWLRQ

7KH UHFUHDWLRQEULQJV DERXW)LJ UHSUHVHQW WKH HQHUJ\FRQVXPHG LQZDWWVVE\ WKH URXWLQJ FRQYHQWLRQV LQ
$2'95&*DQGWKH'65



)LJ0$1(7SRZHUFRQVXPSWLRQYDU\LQJVSHHGVWDFNHG



$JJUHJDWHURXWLQJDFWLYLW\ELWVV
437 V. Sowmya Devi and Nagaratna P. Hegde /  Procedia Computer Science  48 ( 2015 )  427 – 439 
 
)LJVKRZVWKHURXWLQJDFWLYLW\LQWKHQHWZRUNDQGLWFDQEHVHHQWKDWWKH5&*FUHDWHVOHVVRYHUKHDGVWKDQWKH
$2'9ZLWKDQG5/V7KLVUHSXGLDWHVWKHUHJLRQGHYHORSPHQWFRQYHQWLRQRXWOLQHLGHDZKLFKLQWHQGVWR
PLQLPL]H WKH TXDQWLW\ RI 5/V LQ WKH QHWZRUN DQG EULQJV DERXW VXFFHVVLYH DQG VXEVWDQWLDO PXOWLFDVW RYHUKDXOV
EHWZHHQ5/V



)LJ7RWDOURXWLQJWUDIILFUHFHLYHGELWVV

$FKLHYHFDSDFLW\GHJUHH

)LJ  GLVSOD\V WKH UHVXOWV IRU WKH DFKLHYLQJ WKH FDSDFLW\ SURSRUWLRQ ZKLFK LV WKH GHJUHH RI HIIHFWLYH URXWH
UHYHODWLRQ HQGHDYRUV WR WKH DJJUHJDWH QXPEHU RI URXWH GLVFORVXUH HQGHDYRUV WR GLVFRYHU DQG VHW D ZD\ WR D
VSHFLILFHQGRIWKHOLQHQRGHVLQWKHQHWZRUN



)LJ5HDFKDELOLW\UDWLRLQUHODWLRQWRWKHUDWLRRIUHOLDEOHQRGHV5/VLQ5&*LQWKHQHWZRUN

5RXWHUHYHODWLRQGHOD\V
)LJGHPRQVWUDWHVWKHWLPHLQDFWLYLW\RIWKHURXWHGLVFORVXUHPHWKRGRORJ\ZKLOHH[SDQGLQJWKHTXDQWLW\RI
5/VLQWKHQHWZRUN

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

)LJ5RXWHGLVFRYHU\GHOD\VLQUHODWLRQWRWKHUDWLRRIUHOLDEOHQRGHV5/VLQ5&*LQWKHQHWZRUN

5RXWLQJVKRZUHWUDQVPLVVLRQ



)LJ1XPEHURIEURDGFDVWUHWUDQVPLVVLRQV

)LJ  VKRZV WKH QRUPDO QXPEHU RI VHQW URXWH UHEURDGFDVWV DPLG WKHZD\ GLVFORVXUH SURFHVV 7KLV ILJXUH
DGGLWLRQDOO\GHPRQVWUDWHVWKHQRUPDOQXPEHURISDFNHWVHYHU\QRGHLQWKHQHWZRUNKDVUHEURDGFDVW
7. Conclusion  

)URPWKHVLPXODWLRQUHVXOWVDQGGLVFXVVLRQDERXWWKH5&*IRUWKHPRVWSDUWLWSHUIRUPVZHOOWRDFKLHYHFDSDFLW\
DQGWLPHUHYHODWLRQGHOD\2QWKHRWKHUKDQGLWKDVDGGLWLRQDOO\GHYHORSHGWKDWWKH5&*FUHDWHVGLVFHUQLEO\KLJKHU
URXWLQJ RYHUKHDGV WR DFKLHYH WKH 5&*¶V JRDOV 7KH SDFNHW PRYHPHQW VL]H EXUGHQ DQG UHFXUUHQFH RI WKH 5&*
RYHUKHDGVDUHGHOLYHUHGLQDGLVSHUVHGPDQQHU7KHUHVXOWVVKRZWKDWWKH'65KDVWKHPLQLPXPRYHUKHDGVDPRQJ
LWVRWKHUURXWLQJFRQYHQWLRQ7KH$2'9DQG'65GLPLQLVKWKHRYHUKHDGVDQGDFKLHYHFDSDFLW\LQVWDWLFQHWZRUNV

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